New opportunities of cancer prevention through changes in diet regimens can be 4 developed from the increasing knowledge of food components effects on health.
INTRODUCTION

45
Milk and dairy products have become recognized as functional foods, suggesting 46 their use has a direct and measurable effect on health outcomes, namely that their 47 consumption has been related with a reduced risk of numerous cancers (Marshall, 48 2004) . Cancer is the second leading cause of mortality worldwide, with an expected 1.4 49 million persons being diagnosed with breast cancer in 2010. Hence, this is an 50 enormously important health risk, and progress leading to enhanced survival is a global 51 priority (Jemal et al., 2009; Schiff and Osborne, 2005) . 52
Breast cancer, like all the other cancer types, is a result of six essential 53 alterations in normal cells that represent good targets for treatment; the so-called cancer 54
hallmarks (Hanahan and Weinberg, 2000) . These include the ability to be self-sufficient 55 in growth signals (tumor cells present reduced dependence on exogenous growth 56 stimulation); to evade anti-growth signs and apoptosis; to achieve endless replicative 57 potential; to sustain angiogenesis; to evade tissues, and to form metastasis. Several 58 strategies have been pursued in the last years in order to hamper the development of 59 tumors or treat existing ones (Hanahan and Weinberg, 2000) . 60
An increasing interest has been reported on the use of biologically active 61 substances from food (Ferguson 2009 receptor (e.g. HS578T 
Breast Cancer Cell Lines
126
Breast cancer cell lines, HS578T and T47D, were kindly provided by IPATIMUP 127 (Portugal). The HS578T cell strain was derived from a carcinoma of the breast and is 128 negative for estrogen receptor (ER-). The T47D line was isolated from a pleural 129 effusion obtained from a 54 year old female patient with an infiltrating ductal carcinoma 130 of the breast and is positive for estrogen receptor (ER+). The cells were maintained in 131 an incubator with a 5% CO 2 atmosphere and at 37ºC. The culture medium used was the 132 Dulbecco's modified Eagle medium (DMEM) (GIBCO®, Invitrogen, Barcelona, 133 Spain) supplemented with 10% of Fetal Bovine Serum (FBS) (GIBCO®, Invitrogen, 134 Barcelona, Spain) and 1% of penicillin/streptomycin (Invitrogen, Barcelona, Spain). 135
136
Cell Viability
137
Two distinct methods were used to evaluate the cell viability to LF exposure as 138 described below. 139
Cells were grown in 6-well plates until a concentration of 1×10 5 cells per well was 142 achieved. Adequate volumes of the previously prepared LF solutions were added to 143 each well, in order to obtain the required LF concentrations (0.125, 6.25, 12.5 and 125 144 μM). Additionally, control wells were included consisting of DMEM medium and PBS 145 (no LF added). The plates were incubated for 24, 48 and 72 hours. Subsequently, the 146 supernatant of each well was collected to a falcon tube. The adhered cells were washed 147 with PBS, trypsinized, and then collected to the respective falcon. All falcons were 148 centrifuged (700 x g, 5 minutes) and the supernatant was discharged. The remaining 149 pellet was resuspensed in 100 μl of PBS. The collected cell volumes were diluted 1:1 150 with Trypan Blue (TB) (Sigma-Aldrich Co., St. Louis, MO), and the viable and non-151 viable cells were counted in a Neubauer chamber, using an inverted optical microscope 
156
MTS method 157
The cell viability to LF exposure was also determined using the MTS (3-(4,5-158 dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) 159 method. A commercial kit was used according to the manufacturer instructions 160 (Promega, PROM G35800001, Lisbon, Portugal). In these experiments, 100 μl of cell 161 suspension was added to each well of a 96-well plate. Additionally, control wells were 162 included consisting of DMEM medium and PBS. When a cell concentration of 1×10 PROM G 8091, Lisbon, Portugal) with the same experimental setup as described above. 176
After exposing the cells, in a concentration of 1×10 4 cells/ml, to LF (37ºC, 5% CO 2 ), 177 100 μl of Caspase-Glo 3/7 reagent was added to the wells, and after 3 hours standing at 178 room temperature and in the dark, the apoptosis levels were determined by 179 Table 1 . A decrease over 50% in the number of viable cells was obtained 237
for increasing LF concentrations and exposure times, for both cell lines studied. Based 238 on these experiments, 12.5 μM LF was found to be effective in decreasing T47D cell 239 viability as compared to the control (set at 100%) between 28 and 54%, depending on 240 the exposure time. The differences obtained for the range of LF concentrations studied, 241 as compared to the control, were found to be statistically significant, except for 0. 
MTS method 255
The MTS assay is assumed to reflect cell number and is used to determine exposure-256 response relationships. Table 1 presents the results obtained in the MTS assays. 257
Although slightly higher reductions on cell viability were found with this method, 258 especially for 72 h, the tendencies were similar, thus these results were found to be in found to increase such activities for both cell lines, as can be observed in Fig. 1 . 267
Generally, it was found that for a 72 h exposure a decrease in apoptosis occurs. This 268 result coincides with the cellular lysis observed in the cell viability assays as described 269 above. Although cell death was higher for a 72 h exposure to LF, necrosis was found to 270 be the principal cellular death process occurring for this exposure time. For both cell 271 lines, the caspases 3/7 activity increased about 1.5-2 times for the lower LF 272 concentrations studied (except for the concentration 0.125 μM LF in the HS578T 273 assays), being the differences observed, as compared to the control, statistically 274
significant. An increase of about 3-5 times in the apoptotic levels was obtained in the 275 experiments conducted with 125 μM LF. It is important to notice that the differences 276 observed between the different exposure times were in most of the cases not statistically 277
significant. 278 279
Cell Proliferation
280
Based on the results from MTT, TB and apoptosis assays, a 48 h exposure to 12.5 μM 281 LF was chosen for the cell proliferation experiments. The effect of LF on cell 282 proliferation was studied using BrdU, a synthetic thymidine analogue that binds to new-283 formed DNA in S-phase, thus allowing the determination of the nuclei in proliferation. 284
As expected from the previous results, LF was found to decrease the proliferation rates 285 for both cell lines (Fig. 2) . Proliferation rate decreases of 35.5% and 52.5% were 286 obtained for HS578T and T47D, respectively. The differences observed for the 287 proliferation rates as compared to the control experiments were found to be statistically 288 significant for both cell lines (p<0.005 for HS578T and p<0.0005 for T47D). 289
290
Migration
291
The LF concentration and exposure time used in the migration experiments were the 292 same as the ones used to study cell proliferation. LF was found to decrease the 293 migration of both cell lines used (Fig. 3 and Fig. 4 ) being this effect more pronounced 294 for T47D. From the statistical analysis, the differences observed for HS578T cells 295 treated and untreated were not significant (p = 0.116). Nevertheless, the differences 296 the front cells in each edge of the wound was higher for the cells exposed to 12.5 μM 298
LF during 48 h, as compared to the control (with no LF added). 299
300
DISCUSSION
302
The role of milk proteins and peptides as physiologically active factors in the diet is 303 being increasingly acknowledged (Marshall, 2004) , 2003) . 309
In the current work, the influence of LF on cell viability for both cell lines was 310 studied using two complementary tests, namely the TB dye method and the bio-311 reduction of the MTS reagent (Table 1) In their studies they showed that bovine milk contains biochemical factors with potent 383 cytotoxic properties against some tumor cells and, that the key factors are mostly 384 inactive within the structure of the precursor compounds, but can be released by 385 enzymatic proteolysis. Also, a report from Tomita and collaborators (1994) provided 386 evidence of in vivo production of lactoferricin B by isolating the peptide from the 387 gastrointestinal contents of rats fed a diet containing bovine LF. Based on these 388 evidences, it is likely that the activity of LF in apoptosis and cell growth is due mostly 389 to its major peptide (lactoferricin) and therefore, further studies to clarify the possible 390 mechanisms involved, as well as if LF could be degraded and to what extent in the cells 391 culture medium, are required. 392
As mentioned previously, cell proliferation is also an important factor affecting 393 cell viability. As expected from the cell viability tests and apoptosis study, proliferation 394 rates were found to decrease for both cell lines when exposed to LF, being this effect 395 more pronounced for T47D. According to Xiao and coworkers (2004) , LF has an effectcomponents. LF is known to apprehend cancer cells in the G1-phase or alternatively 398 forcing them to enter the latency phase G0-phase (Ward et al., 2005) . The cell cycle 399 machinery is mainly regulated by cyclin-dependent kinases (cdks) that are responsible 400 for the progression through the cell cycle phases (Damiens et al., 1999) . In addition, the 401 retinoblastoma protein (pRb) is known to inhibit the cycle progression, although it is 402 frequently phosphorylated by cdks, causing its loss of functionality (Damiens et al.,  403 1999). The mechanism by which LF inhibits cell proliferation may be related with the 404 fact that it inhibits cdks and cyclin E genetic expression (Xiao et al., 2004) . should be conducted to determine the expression of cell cycle regulatory proteins as a 416 starting point to disclose the mechanisms by which LF exerts its effect in cell 417 proliferation. When a cancer has developed, it is beneficial that food components can 418 slow the rate of tumor growth; therefore LF effect on cell growth rates should be 419 assessed as well as a long-term treatment, since the daily intake of milk and dairy 420 products might not be enough to produce an immediate physiological relevant dose 421
(Freiburghaus et al., 2009). 422
Cell migration is a key mechanism in the development of metastasis and tissue 423 invasion. Therefore, any agent that can impair cell migration will yield a positive 424 response in cancer treatment and recurrence. Fig. 3 and 4 showed that LF decreases the 425 migration of both cell lines used, even for HS578T cells (Fig. 3) that have a higher 426 migration potential (mainly due to the lack of estrogen receptor expression (ER-)) as 427 compared to T47D (Fig. 4) for which the effect was more pronounced. This may be 428 
595
HS578T and (B) T47D apoptosis levels for different exposure times (24, 48 and 72 h).
596
Results represent an average of 3 independent cultures and 8 measures for each culture. 
